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= 2π[− cos θ]θi
0
= 2π(1 − cos θi)
= K · Ψ(θi)
Ðdeg©>]Ngeg©´je2h]
Ψ(θi) ∈ [0, 1]
|PyKh>]N©Ph³­P©^_À|PS}]kijQbzP´i >c+yK_kiegh}É^hPe2©]NSRh³|^R|P©Pi]kegh>]D|^egh>cEÁ
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i ∈ {0, . . . ,M − 1}
tCyKih2_aS+hygh2_ª©PSEhPeg©]|^i]kzAe2]kegh]u|¼¿ ©Ph¾MPRQbi]kzPMPO+oaS§
(φj ,Ψ(θi)), j ∈ [0, N ], i ∈ [0,M − 1]
¨
















nx · x + ny · y + nz · z = 0













2 + (n2z + n
2
y)y







x = r sin θ cos ϕ
y = r sin θ sinϕ















n2z + (nx cosϕ + ny sin ϕ)
2
,¿ Rª©y_aije2hh>yK´S}|^S}´ybc+eg©Poa­AS]k©PoD´6¿ M+Qbi]kzPMPORokSfyK©]a]kijSRhPhPS¸SR]{_RÂyGgSRc
ϕ ∈ [0, 2π] Á












n2z + (nx cos ϕi + ny sin ϕi)
2
)








x ∈ [0, 1] ÉhPeg©]Deg­^_aS+hPegh>]Á














n2z + (nx cos ϕi + ny sinϕi)
2
= 1 − nx cos ϕi + ny sin ϕi√
n2z + (nx cos ϕi + ny sin ϕi)
2
= 1 − t(nx, ny, ϕi)√














n2z + t(nx, ny, ϕi)
2
yGgSRc
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F (fx, fy,−f)
SR]{_´jSzAegih2_¶|^Sbl¢©PiÅ_aS >hPiÇÂ
~I1 = (I1x, I1y, 0)
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OF = (−fx,−fy, f)











SR]`_¶yp`eg©P_k+S2Â¼|Peghc ~v′ = (I1x, I1y, v′z)
¯4Ðde2©]ge2©P´egh]}ª©PSb´SR]






































































~n = (I2y,−I2x, 0)
¯
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OF1 = (f1x, f1y,−f)
~v2 =
−−→
OF2 = (f2x, f2y,−f)
ÐÀeg©]Nge2©P´egh]
~v1 · ~v2 = 0
Â|^e2hc
f1xf2x + f1yf2y + f
2 = 0
¯






















~v = ~w ∧ ~u
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OA = − Left · ~u − Floor · ~v − Back · ~w−−→
OB = Right · ~u − Floor · ~v − Back · ~w−−→
OC = Right · ~u + Ceiling · ~v − Back · ~w−−→
OD = − Left · ~u + Ceiling · ~v − Back · ~w−−→
OE = − Left · ~u − Floor · ~v−−→
OF = Right · ~u − Floor · ~v−−→
OG = Right · ~u + Ceiling · ~v−−→
OH = − Left · ~u + Ceiling · ~v











 ´«y¶_qyKi´j´S hyK´S}|^© >cqMPiS+oDS·^zAe2o{_augSRoa]dÊAk¤ &Ì ~¥ 2ÌK=KÁ^zP´©]N´«yoaR]keg´©^_kie2h|^SR]_aS·\_a©PokS~]
S~]`_+´S+2+SgÂzP´©]w´«y¶ª©yg´jij_k hyg´jSuSR]{_­AeghPhSgÂQyKi«]Ãz´j©]´jS >cqMPiS+oS·^zAegok_adS~]`_ge2´j©PQbihPS+©P·&¯
s ´Ç¿ ihgS+oq]kSgÂ\]ki&´«y¶oaR]keg´©^_kiegh|^SR]w_aS·\_a©PokS~]wS~]`_Nl¢ygi­P´jS2Â\´S >cqMPijSRoNS·^zAegok_kuS~]`_NzP´©]NzAS_kij_RÂPzyKo
S+·\SRQbzP´jS¸zAeg©Po´6¿ ©^_aij´i«]kyK_kiegh]k©Po©PhnÃ»dsÂ^QyKi«]w´«yª2©>yK´iÅ_auSR]{_ih^l¢+oaijSR©PoaSg¯^Y\SR©P´&´Ç¿ ©^_aij´i]ay_aS+©Po
zASR©^_Ã]{zA~ci S+o,±ª©PS+´´jSDzP´«y_kS+l¢egoaQbSSR]{_Ã|^SR]{_kihP+SD´jS>cqMPijSRoÚS·^zAe2o{_agÂGi´y|^egh>cN±caMPe2i]kioÚ|PyKh>]















512 × 512 ¨ÄÂ,Î`¦ Ï}_kS+·_a©PoaS|P©Q¶©PoDfyK©cqMPS§
1024×1024 ¨ÂÎ )ÄÏd_aS·\_k©okSÀ|P©Q¶©Po|^oke2iÅ_u§ 1024×1024 ¨ÂÎ`£`Ïd_aS·\_a©PokSÀ|P©zP´«yl¢e2h|0§ 1024×1024 ¨ÄÂÎ 
+Ï}_aS·\_k©okS|^©³]keg´,§
1024 × 1024 ¨{¨
)*) ß%+-,/.0.1
2  ujÌK£ uÌ ¦q¡
 	-%  r h ©S+hc+S|^S´y_qyKi´j´S|^SR]_kS·\_a©PokS~]}]{©o´«y³ª©yK´iÅ_a hyg´jS0§+Î ÌÄÏijQygfgSEe2okifgihyK´SEyGgSRc
ih|^i«c+yK_kiegh|^S´«y +e2hPSeg­]kS+oag+S2ÂDÎ  Ï¬\©PSoaygzPzPokePcaMPRSgÂ&_aygij´´SQy·^iQ¶©PQ|^S~]_aS·\_k©PoaSR]ÁIggPÂÒ´«y
_aS·\_k©PoaSSR]{_ e2©PSgÂÚÎ`¦`Ï_qyKi´j´SQy·^iQ¶©PQ%|PSR]_aS·\_k©PoaSR]Á>  ^Â\´ybª©yK´ij_kSR]{_d]ay_ai]{lmyKi«]kygh2_aSuQygi]D|^©












ihce2hPh©PS~]D|^S}´6¿ iQyKf2S¸egoaifgihyK´SE§ fg©PoaSK¹Î`¦ ÏÂ6Î )ÄÏGÂ6Î`£`ÏGÂ6Î 
+ÏG¨¯
¼S¶c+yg´«c©P´|Ò¿ ©PhPS_kS+·\_k©PoaS¶]R¿ S%8AS~cÄ_k©S¶ygijh]kiÃÁ>´jSª2©>yg|^oaij´«y_aO+oaS}ce2okoaSR]kzAegh|PyKh_d|yKh]d´6¿ S~]{z>ygcS¶ºg»




     
   ,Ô$GÖ ^ÖmÔ  % \ %IÔ       
PdhPSl¢egi«]¶_ke2©]´SR]¶_koqyKij_aS+QbS+h2_q]E]k©PoE´Ç¿ ijQygfgS_aS+oaQEihP~]+ÂI´SR]b|^eghPhPRSR]E|^e2ijgSRh2_6+_koaS¬S+·^z>e2o{_a+S~]











   '! & +  1 <;)+   !+    1
	     !     
)*) ß%+-,/.0.1
  ujÌK£ uÌ ¦q¡
-+"  )  !!- 5 !9   
    !  <;)+   !+    :    !     
 ) 5 ,) 5 )  )'>  !
    !  1 %
	                )    "-	
' -    
  :'.

  '  >  .     !     
 &   >  .     !     
    !  1 %
	     %    !')+ 5 ,)>""-      
 ' '5'5+   )    5 '*!  .  
  :'.  

,")(""-     !             ,"-"  
>!)+ 5 ,)>+""-  
  "<""     	    !              
    !  1 %
	 	     %    !')+ 5 3)>9""-      
 ' '5'5+   )! >  ! & '  
  :'.  "
,")(""-     !             ,"-"  
>!)+ 5 ,)>+""-  
  "<""     	    !             
    !  1 %
	   : %    )'!,)
""-    + ! & '<""- 
)(! & '''')-      
  :'.  
,")
'')-       !        #    ,""-  
<9)!,)
""-  ,)(! & ')    
  "')'-           
    !  1 %
	 1 
$   +1   


     '" '  A  '*-% >) 5  989
  ) "-;+-,)  (!  
 
  :'.  
 )  !+)  (!" 5 ')    )' )
  !    26      
 )  !+)  (!" 5 ')      ! & 
  !    26      
 )  !+)  (!" 5 ')    ) 
  !    26      
 )  !+)  (!" 5 ')    )'@ 
  !    26      
QSR )TQSU
ÊAk¤ 
 )  !+)  (!" 5 ')    )'  ' )
  !    26      
    !  1 %
	  
      ) 5 ,)  '.    ')-      
  :'.	

<;)+   !+  
)    '.  
  
       ,""-     !     
    )3) 5 3(!       !     
 ) 5 ,)    '.       "  '     ';"-   5  5
 '  -9  ; '&  :'*  
    !  1 %
	  	 %  	    '9" ' 
9  -9  '3)  (!" 5 
 
  :'.  

   +> !      !    26      
>! & 9"  )*++   	 6 )  5      !     6      
    !  1 %
	  %'
   	 
       '"  3'.  --  !-!'+ 
     ;  
  :'.  
 "-  -!+	'.	)    ; 6  
!      5 ++ 





	   LG DL-DI       FED D ?/
¼egoq]|^S¬´6¿ iQbzP´+QbS+h_ay_aije2h¼Â´S]{e2©ci«]|PSzAe2o{_qyK­Pi´iÅ_aS~]`_ih2_aS+ok2S+h©¼¯n-eg©PoEcSR´yÂ4©PhPS¬­Pi­P´ije
_aMPORª©PSC|^S³l¢eghcÄ_aiegh]bhegQbQb+S ç¥  qÌ6¥ Xce2h2_kiS+h__keg©P_kSR]´SR]El¢e2hcÄ_aije2h]bhP~cSR]a]ayKiokS~]zAeg©oE_aoaygiÅ_aS+o
´6¿ iQyKf2S³egoaifgihyK´SgÂ,cokRS+o´SR]¬|^eghPhPRSR]ºg» S_¬fgRokSRob´S >cqMPiS+oS·^zAe2o{_agÂÚSRh´SRcÄ_a©PoaS³S+_~coaiÅ_a©PoaSg¯
TwS+_{_kS­Pi­P´jieK_aMPORª©PSbS~]`_}ih|^RzAS+h|Pygh2_kS|^Sb´«yzP´«yK_kSl¢e2okQbSbcRyKoS+´´SEh4¿ S%8AS~cÄ_k©Sª©PS|^S~]}c+yK´«c©´]S_
©^_aij´i«]{SE|^S~]dl¢egh>cÄ_kiegh>]u]`_qyKh|yKoq|³zAeg©Pou´«yfgS~]`_aije2hC|^SR] >cqMPiS+oq]+¯Ay­Pij´ieK_kMORª©PS|^SEcqMyKoafgSRQESRh2_uS_
|Ò¿ S+hPoaS+f2i]{_aokS+QbSRh2_¶|Ò¿ ijQygfgSR]}©P_ki´ji«]k+SSR]{_»uS+\r`,ÂS+´´jSSR]{_¶Q¶©P´j_ki 6z´yK_kSl¢e2okQbS2¯IV¸o2cS±_aeg©^_EcSRc+iÇÂ
´S}´je2fgi«ciS+´¼|PSce2hgS+oq]kije2hg»(gS+oq]Dºg»ÕzAS+©^_6_aokS}zAegok_k]{e2©]D¼ih©P·zygoDS·^SRQEz´jS2¯¼S}hyG\ijfy_aS+©Po
zAS+©P_yK©>]k]ki6_koaSdzAe2o{_aÀ]{©Po|^SÀhPegQ¶­PoaS+©]kSR],zP´«y_aSl¢egoaQbSR]RÂ2|^SÀ­P©PoaSRyK©eg©QEe2­Pi´jS~]+¯¼S >caMPiS+ow©^_aij´i]k
zygoN´S}hy~\if2yK_kSR©PoNc+egh_kiS+h2_d´SR]N_kS·\_a©PokS~]D|Pygh]N´S¸l¢e2okQy_d|^~]{ioagÂ^´yb­Pij­´jieK_aMPORª©PS ç¥  aÌKÇ¥ ¹zASR©^_dhPS
zy2]&6_aokS©^_aij´i«]{RS}|Pygh]Dc+S}c+y2]+Â\lmy2ci´jij_aygh2_d´Ç¿ ygcRcO~]Nyg©^·¬zP´«y_aSl¢egoaQbSR]NQbeg­Pi´SR]R¯
¼S|^RgS+´egzPzASRQESRh2_u|^S ç¥  qÌ6¥ AÂ¼ÊAk¤XËÌ 12£ES_Ê>a¤XAÌR¥ Ì byb+_kS98&SRcÄ_a©P¶]{e2©] 3¥ 'ÄÌ 
 Ç)K¥m    ¯A,¿ SR]kzygc+S|^S_koqyGyKi´ÒyGgSRccS+_dS+h\ioke2hPhPSRQESRh2_d|^S|^RgS+´egzPzASRQESRh2_dSR]{_Àcegh  ©
yGgSRc0©hPS¾yKoa­AegoaSR]acS+hc+SC]{RzyKoqyKh_´SR]|^i 8&+oaS+h2_q]_`[\zASR]|^S >caMijSRoa]¬zAeg©Po´«y®c+´ygo{_ag¯wn-yKoaQbi¸cS~]
oa+zAS+ok_ke2iokSR]Ã]kSÀ_koaeg©PgSÀ´«y¶|Pe^c©PQbS+h_ayK_kiegh¬fg+hPRokRSdz>yKoE
















oaR|^©Pij_aSd|^Sd´Ç¿ iQyKfgSDzAeg©oÚS%8AS~cÄ_a©PS+owª©yg]kiQESRh2_Ú_aeg©],´jS~],cRyK´«c©P´«]¼ÉK´6¿ iQyKf2SD±z´jSRijhPSdoaR]keg´©^_kieghEh¼¿ SR]{_
©^_aij´i«]{RSÀª©PSdzAeg©o,´SÀcRyK´«c©P´>|PSR]Ú_aS·\_k©okSR]Ã|PSdQyKhPiO+oaSd±}SRhf2ygoa|^SRoÚ´«yzok~ci«]{iegh|Pygh],´SdokSRh|^©ºg»¯
»¸yKh]wÊ}Aa¤ ËÌ 12£+ÄÂK´«y¸ij_kS~]k]kSD|^SDcRyK´«c©P´^S~]`_Ã|^_aS+oaQEihPRSNzyKoÚ´SR]-e2z^_kiegh>]+ÂKºcaMegij·]{e2h2_ÚzAe]k]kij­´jS~]Á







 Qbe^|^S G£+ 
Ì('ÄÁ4´jS~]|PijQbS+h>]{iegh]¶|^S´Ç¿ ijQygfgSegoaijf2ijh>yK´Sb]kegh_¶|^ii«]k+SR]}z>yKoÂ]{e2iÅ_  l¢e2i]
Qbegih]N|^SuziÅ·^S+´«]¼É^cS¸okRfg´«yKfgSde;8AoaSu©Ph¬_kSRQEz>]N|^Sc+yK´«c©´>lmyKi­P´SgÂ\QyKi«]w´«y¶zPoaRci«]{ie2h¬|^SR]ok~]{©´
_qy_a]wSR]{_yg´Å_a+oa+S,É2±oaR]kS+oagS+o,zAe2©Pow´jS~]ÃfgoqyKh|PSR],ijQygfgSR]u§m±zygo{_aijo|^S¸}Qb+fyKzPij·^S+´«],S+h\\ijoaegh>¨¯
¼SR]Dok~]{©P´j_ayK_a]Neg­^_aS+h\©]DyGgSRc¸´6¿ iQyKfgS}|^S}´«y fg©PoaS  ]{e2h2_D´SR]d]{©Piygh2_a]Á
Qbe^|^S _aS+Qbz]d|Ò¿ yKhyg´j[^]kSb§m]kSRc+egh|^S~]a¨ caM>yKQbz³|^S}\i]kije2hcRyK´«c©P´ SRokoaS+©PoNoaS+´«y_aijgS
AKÄËbÌ  % 2¯ 5 ºP¯  

Ì('Ä  º ^¯ ,5  ¯àg
£+ 
Ì('Ä º 25 ¯  
TwSR]À_kS+Qbz]|Ò¿ yKhyg´j[^]kSh¼¿ ihc´©PS+h_zyg]u´jSEc+yg´c+©P´-|^SR]À_aS·\_k©PoaSR]¸ª©PiISR]{_¸ih|^+zASRh|PyKh_|^©²Qbe^|PS
S+_ª2©id|^©PoaSS+h\\ijoaegh¾]kSRce2h|^S~]zAe2©Pob©PhPS³_ayKi´´jS0|^S_kS+·\_k©PoaSQyK·\iQ¶©PQ |PS  2K²zPij·^S+´«]+¯wTwSR]
oaR]k©P´j_ay_q]Ã]kegh_we2­^_kSRh©]]{©Po©Phsw_aMP´je2hÀn  g2¶Â  Kt0e¶|^SuxÀsÀtÂ^y~gS~cD©hPSuzPMPeK_aegf2oayKzMPijSdS+h
2592×1944 §6¸Qb+fyKzPij·^S+´«]a¨¯g,¿ yKzPzygokSRij´PzPMPeg_ke}h\©PQb+oaiª©PSÀyzPoaRc+i]kdª2©SD´SÀcaMygQbz|^Sd\i«]{ieghbSR]{_5PÂKcSDª2©iPyuzAS+oaQEi«]Ú|^SDc+yK´«c©´jSRoI´SR]-S+oaoaS+©Poq]okSR´yK_kigSR]¼ÉGQyKi«]Ii´\lmyK©^_,zPokSRh|^oaSS+hbcegQbz^_aS´«yu´+f2O+oaS















|^S´yc+ygQb+oayESR]{_dih©^_aij´Sg¯As4gSRc}´Ç¿ ijQygfgS}|^S´y f2©PoaS  ÂP´SR]d|Pi 8&+oaS+hc+SR]DS+h_koaS}´jS~]d]kc+O+hPS~]Dº2»ÕyGgSRc
´SR]D_aoaegi«]DQbe^|^S~]À|^Sc+yK´«c©´]{e2h2_Àih|^i«]kc+S+oahyK­´jS~]+Â>c+yKoÀ©PhPS¶´+fgORokS}KyKoaiyK_kiegh0|^S´«ybl¢e^c+yg´jShPS¶Qbe^|^i 
Sbª2©S´jRfgO+oaS+QbS+h_u´SR]uzPoaegzAe2o{_aije2h]À|^S´«y]kc+O+hPSg¯Ò4yQyK_koaic+S|^SoaeK_qy_aije2hCy¬©PhPSih ©S+hcSEzP´©]




´6¿ iQyKf2S0egoaijf2ijhyg´jS0y©Ph_koaOR]fgoqyKh| ijQbzy2cÄ_]k©Po´S0_kSRQEz>]¬|Ò¿ S·^Rc+©^_kiegh|^S²cS+_{_aS0_koqyKh>]`l¢e2okQb+S2¯
PÀhSRh]kS+Q¶­P´SÀ|¼¿ e2z^_kiQbi]ay_aije2h]Ã|^SÀ­yg]ÃhPij2SRyK©e2h2_w_kÀ©^_aij´i«]{RSR]ÃzAeg©PoÃQ¶©´Å_aijzP´iS+owzygo  ´yij_kS~]k]kS
|Ò¿ S·^~c©^_kie2h³|^S}c+S_k_kS_koqyKh]{l¢egoaQb+SEÁ
 ¦qÌ j¦+ '£+ R¥Í gj£ \£CÁ´Ç¿ ©^_aij´i]ay_aiegh®|^S¬cS+_{_kS¬okSRzPoaR]kS+h2_qy_aije2h"|^SR]hegQ¶­PoaSR]y0©Phf2oaygh|
iQbzygc_E]k©Po´yC\ij_kSR]a]kSg¯I¼SQEeP|^S|^S¬oaS+zok~]{SRh2_ayK_kiegh©^_ki´ji«]k¬S~]`_Á  0­Pij_a]zAeg©o¶´«yCzyKok_kiS
SRh2_kiO+oaSgÂ  E­PiÅ_q]DzAeg©PoD´«yEzygo{_aijS}|^~ciQbyg´jS2Â
 & q¦aÌ j¦+)g£9' Ì  %j£9' )2£ 'Ä¥Í.'³£N)g£²¦a('Ä¥Í>.'¾Á-´SR]bc+eg©Poa­ASR]E±C_aoay2cS+oEegh_EzAe2©PoERª©yK_kiegh















¼S,l¢y2cÄ_aS+©PoI|^S  Dce2okoaSR]kzAegh|¸yg©}Qbe^|^SÀAÄËÌ PyGgSRcÚ´Ç¿ iQbygfgSÃ|^SÃ´«yfg©okS  §Ç|^egh_´ydok~]{e2´j©P_kiegh
S~]`_,|PS
2592×1944 zPij·^S+´«]a¨¯K4S_kSRQEz>]Ú|PSDc+yg´c+©P´^SR]{_,|Ò¿ S+h\\ijoaeghKuQbih©^_aSR],]ayKh]-´jS~]-egzP_kiQEi«]ay_kiegh>]|^SD­y2]-hPigSRyg©¼Âg|Ò¿ eC:E´S+©oÚih2_a+o*6_R¯2s4gSRcN´SR],|^S+©P·¶_`[zAS~],|Ò¿ egz^_aijQbi«]kyK_kieghbce2Q¶­PihP+S~]+ÂKS+hbQbe^|^S G£+

Ì 'q6Â^hPe2©]eg­P_kS+hegh]N|^e2hcu©Phf2ygijh¬SRh\ij_kSR]a]kS¸|¼¿ S+·\~c©^_aije2hfg´eg­yg´jS¸|^S
15× (79/3) ' 400   nIe2©Po´SQbe^|^S 
Ì('Ä}§¢©^_aij´i]k}´SzP´©]d]keg©PgSRh2_q¨Â^´S}f2yKihS~]`_À|Ò¿ S+h\ioke2h
15 × (14/3) = 70 ¯
 &
   >@A;J !$T
Ê}Aa¤ ËÌ 12£+¬SR]{_}´«ygS+oq]{ie2h²zAeg©o ih|^e
d]}|P©¹´egf2ic+ijSR´-zAeg©Poc+eghgSRo{_aijo©hPSbzMPeK_aegfgoqyKzMPijS
g»½S+h¾©Ph¾Qbegh|^Sbºg»¯4TwSE´je2fgi«ciS+´I©^_aij´i«]{SE´«y¬­Pi­P´ijeg_kMPO~ª©PS ç¥  aÌKÇ¥ µzAeg©Po¸S%8AS~cÄ_a©PS+o}]kSR]c+yK´«c©P´«]R¯Ar ´
S~]`_¸|^+gSR´je2zPzASRh¾T2T  ÂPS+hC©^_aij´i«]kygh2_u´SR]usdn,r`]  ijh>º2^¯>r ´©^_aij´i«]{S  P£+  "zAe2©PoÀ´jS¶oaS+h|P©C|^S
)*) ß%+-,/.0.1
g  ujÌK£ uÌ ¦q¡
 &º   S+h6_koaSzPoaihcizyK´S}|Ò¿ sÚLNr nQygSRo
´«yl¢S+hH6+_koaS}|PS\i«]{©yg´ji«]ay_kieghS_dzAeg©oD´Ç¿ R|^ij_kSR©PoÀ|^S}z>e2´[fghPS~]+¯
Y\©Po-´y fg©PoaSº  Â~hPeg©]IzAeg©Pge2h]gegio´«ydl¢SRhH6_aokSzPoaihcizyK´S|Ò¿çÊAk¤µËÌ 12£+dygzPoaOR]Iy~ge2ijoIcRyK´«c©P´














¦k '2'q¥Í. A¥ \£% '
 











¦k '*'Ä¥Í. &¥ £% '
À¢¡P£ £+Ä¥m¦q¡P£ jÌ jÌg¦+¥mÌK³S~]`_w©PhPS
Qb_aMPe^|^SuS·^zA+oaijQbS+h_ayg´jSÀhPSu|^e2hPhygh2_wzyg]w|^S~]ÃoaR]k©P´Å_qy_q]Ãce2hKyKihc+yKh_a]RÂgS+´´jSÀ©P_ki´ji«]kSÀ©Ph ´Å_aokS
oaRc+©Poa]kijlIyK©´ijSR©³|Ò¿ ©Ph ´j_koaS}|^Sce2hge2´j©^_aije2h³K»Õc´«y2]k]kiª©PSb§mS·^zP´i«ª2©}|Pygh] M   O¢¨Ä¯
 E£Ä¥m¦q¡P£ jÌ jÌg¦+¥mÌK¾Ì  P¡PÌES~]`_w´SÀzyKoqyKQbO+_koaSDzAS+oaQES+_{_qyKh2_N|^SÀQbe^|^i S+ow´y¶ª©yK´iÅ_aÀ|P©ok~]{©´Å_qy_
e2­^_kSRh©z>yKoD´jS´j_koaS´«yKzP´«ygc+ijSRh|^S»ÀSRoki«cqMPSg¯




 4¡P£q¦21A£+¥ ~¡  aK2' ¡P£+²Í¡^k£ 'k¡P  )¥¢ygc_kigS¸´Ç¿ ©^_aij´i]ay_aiegh|^©³6ge2i]kijh>yKfgSu|^S~]zy2]k]ayKf2SR]wzyKo
R+oae2]D|^©0´ygzP´«ygciS+h³zAeg©PodS%8AS~cÄ_k©S+oÀ´jS¶]{SR©Pi´j´«yKf2SzyKodM\[\]{_kRok~]{i«]RÂP]kijhPe2h0]{SR©P´]d´jS~]Dge2i]kijh>]Dª©Pi
]kegh_dyK©]a]kiÒ|PSR] R+oae2]N|^©³´«yKzP´«ygc+ijSRh]kegh_D©^_ki´i]kR]§¢zygoaygQbO_koaS¸zygoD|PlmyK©^_Ä¨Ä¯
 &¡\k£9'k¡P  )K¥Í.4  £ £9ÀÁ&]kS+©Pi´I­yg]¸|^©¾]kS+©Pi´j´«yKf2Sz>yKouM[^]{_kRok~]{i«]§¢S+h¾©PhPij_kR]|^ShPe2okQbS|^S
f2oay2|^ijSRh2_q]a¨¯












 Ã¥ ²¥ÍÀ ³¢¡P£ Ú¥ )Í¡°
b¢¡P£¥ÍËbÌ 2£ P·^Sb´yoaR]{e2´©^_kiegh¾zPok~c~|^S+h2_aS±´«y´ygokf2S+©Po|^S´Ç¿ iQbygfgS
§mokRfg´«yKfgSdz>yKo|PlmyK©^_Dª©PiÒ|^eghPhSu|PSu­Aegh>]ÃoaR]k©P´j_ayK_a]q¨Ä¯^Y\i&´Ç¿ iQbygfgSÀS~]`_N]keg©>]=RcqMyKh_ki´j´eghhP+S2Âg´«y
´«yKoafgSR©PoN|^S}´6¿ iQyKf2S¸oaR|^©Pij_aSSR]{_D©P_ki´ji«]k+Sg¯
 ¤D jÌ  ;G¡³¢¡\k£ 'k¡  )¹ÁP]kS+©Pi´4yKzPzP´i«ª2©ygzPoaOR]´S ´j_koaSzyg]a]kS	=MyK©^_D]k©PoD´y_aoaygh]`l¢e2okQb+S|^S
Àeg©Pf2M¼¯-TwS¬]kS+©ij´wygokiS|^SC±  S·Pc+´j©]RÂ4i´wih ©PS+h>cS¬­ASRyg©ce2©Pz"´S¬hPegQ¶­PoaS¬|^S¬´jifghSR]¶|^S
l¢©Pij_kSue2­^_kSRh©¼¯^Y\iA´y¶|^_aSRcÄ_aieghhPSdl¢e2hcÄ_aije2hPhPSÀzyg]w]k©PoÃ©hPSÀiQyKfgSÀ|PeghPhPRSgÂcSÀz>yKoqyKQbO_aokSDS~]`_
´6¿ ©h³|PSR]NzokSRQEiS+oq]D±EQEe^|PiSRoR¯
4yE]{e2©]Çl¢SRhH6_koaS@3>Ì>¥ 'k¡\¥Í PK¥Í ' )g£+=£q¦+Ç¥m¾cegh>cS+oahPSu´«yE|^+_kSRc_kiegh³|^SR]NzAegih2_q]N|^S¸l¢©Pij_kS§¢S+·!
zP´i«ª2©+SR]d|PyKh]D´yb]kSRc_kiegh0^¯à^¯àg¨uÁ
 dÌ.'2'Ä¥mÌ"¡P£+Ë¥ ' P¡£k£¬k£9'+ ç^6¥mÁ&oaR]keg´©^_aije2h²|PSE´«y]k©P­&|^i\i]kiegh¹]{©Po´6¿ M+Qbi]kzPMPORokSEfyK©]









2¥ÍËE^Ë )K¥ 'q Ì&¦a£ 
q{KË Ì ,¥Í £ GÌK¥ 'k¡\¥Í. P¥Í>S~]`_E´y²|^i«]`_qyKhc+S¬QbyK·^ijQyK´SSRh®zPij·\SR´]
SRh2_koaS©PhPS´ifghPS¬|^Sl¢©Pij_kS¬S+_¶©PhzAe2ijh_|^Sl¢©Pij_aS¬|P_kS~cÄ_azAeg©o¶ce2h]ki|^RokSRoª©PS¬cS+_{_aS´jif2hPS
y¾ce2h2_aoki­P©P±²´y¾|^+_kS~cÄ_kiegh |^©°zAe2ijh_R¯,Y\S+´egh°´SR]iQyKf2SR]RÂi´wlmyg©^_]{e2©PgS+h2_byg©PfgQbS+h_kSRoEcS
zygoaygQbO_koaS¶zygo¸zy2]¸|^SP¯  z>e2©Po+\iÅ_aS+o}|Ò¿ S·Pc´©PoaS©Ph²_aoke2z²fgoqyKh|ChPegQ¶­okSb|^SE´ijf2hPSR]u_koaegz
R´je2ijf2hP+S~]+Â\Qygi]Dª©Pi¼e2h2_N_aS+h|yKhc+S}±lmyK©>]k]kS+oD´yEzAe]{ij_kiegh³|^©³zAegih2_À|^Sl¢©PiÅ_aSg¯














ÄËÌ&¦a£ 0 Ì ç¥Í bSR]{_yK­Aegoq|^RSd|Pygh]Ã´y¶]kSRcÄ_aieghº¯ S+_wzASRokQbS_
|^ScqMPe2i]kijoD´«yE\ij_kS~]k]kS}|^Sc+yg´«c©P´,Á ¶KÄËÌ I©^_ki´i]kS}´ybzP´S+ihPS}oaR]keg´©^_kiegh³|^S}´Ç¿ iQbygfgSe2okifgihyK´SgÂ 4Ì('Ä
|^i\i]kSb´jS~]}|^iQESRh]kije2h]}|^Sb´6¿ iQyKf2SEzyKo¶¹§m]kegij_}l¢e2i]Qbe2ijh]}|^SzPij·\SR´]q¨ÄÂ¼S_ 3>£ 
Ì 'q}|^ii«]kSE´SR]
|^iQbS+h]kiegh]D|^S}´6¿ iQyKf2S¸zygoNC§m]kegij_  l¢egi«]NQbegih]D|PSzPij·^S+´«]a¨¯
QSR )TQSU
ÊAk¤ Kº
 &ºgº  n-yghPhPSRyg©³|Ò¿ egz^_aije2h]NzAeg©oN´SLNeg©PoDr h2_aeE_aMPS}n,i«cÄ_k©okS
4y fg©PoaSºgºCQbegh_koaS´yCl¢SRhH6_aokS³|Ò¿ egz^_aije2h]zAeg©PoE´S I^Ä ¾Í¡£¤N¥m¦6^k£¯ÃTwS+_{_kSl¢SRhH6_aokS
c+egh2_aijSRh2_}­ASRyg©ce2©Pz²Qbegih]}|Ò¿ e2z^_kiegh>]ª2©SE´«yzPok~cR|PS+h2_aSbc+ygo¸´S_aoaygiÅ_aS+QbS+h_}|PS+QyKh|^SbQbegih]|^S
zygoaygQb_koaSR]¸QyKh\©PS+´«]R¯¼Ã¿ +_ayK´eghhyKf2SE|PSb´«y³cRyKQb+oqyy­AS~]{e2ijh"|Ò¿ ©Ph]kS+©´Úz>yKoqyKQbO_aokS2Â&S_zAe2©Po}©Ph
]kS+©P´4|^SR]N_koaegi«]Dc+yg]}§Ç|^Rc+okij_d|yKh]N´«yb]kSRcÄ_aije2h0^¯ ºP¯  ¨¯
 N3ÁÃcqMygQEz |^S0\i«]{iegh|^S0´«y"c+ygQb+oqy §¢S+h|^S+fgoaR]q¨zAeg©Po´SCc+y2]be;: ©h ]{SR©P´dzAegih2_¬|^S
l¢©Pij_kS hPiDSR]{_bzPoaR]kS+h_0§¢S+_|PS+©^·°zAegih2_q]b|^Sl¢©Pij_kS³ih hPi«]a¨¯,y²KyK´S+©PoEz>yKo|^lmyK©P_bS~]`_©PhPS
Qbe[gS+hPhPSE|^©¹caMygQbz²|PS\i]kije2hCeg­P_kS+h\©¾ce2©PoaygQbQESRh2_uz>yKou´SR]yKzPzygokSRij´«]ÀzPMPeK_aegfgoqyKzMPiª©PS~]+¯
PÀhPSuKyKoaiyK_kieghblmygij­P´S¸|^ScSuzygoaygQbO_koaSdh4¿ yyK©>c©PhPSuih ©PSRhcS¸\i«]{©PSR´j´S¸]{©Po´SuoaR]k©P´Å_qy_ hyg´Ç¯
 ²Ì






zAe2©PoD´yb]acORhPS}|^S}´y f2©PoaS  §62gezAeg©oN´S>caMijSRod2n,vwVegoaifgihyK´Í¨ÀÁ
_aygij´´SQy·^iQbyg´jS}|^S~]_kS+·\_k©PoaSR] _aygij´´S}|^© >caMijSRoDS·^zAe2o{_ab§¢SRh 2e¨
g  >¯ 
 K 2¯ º
2K  gP¯ º
   
 2K  º2
gK ºgº





  	&ºK  nÚyKhPhSRyK©0|Ò¿ e2z^_kiegh>]NzAeg©PoD´6¿ yKÑcaMygfgS|^S~]NoaR]k©P´j_ay_q]Nijh_kS+oaQbR|^i«yKioaSR]
QSR )TQSU
ÊAk¤ g
4y >fg©PoaSCºgzPok~]{SRh2_aS0´«yzyKhPhPS~yK©|Ò¿ e2z^_kiegh>]c+eghc+S+oahyKh_´Ç¿ yÑcqMyKf2S0|PSR]oaR]k©P´j_ay_q]ih2_aS+o#
QbR|^i«ygijoaSR]À|^S~]d_koqyKij_kS+QbSRh2_a]R¯A,¿ ygc_kiyK_kiegh0|PScSR]Àe2z^_kiegh]ÀzAS+oaQbS_¸|Ò¿ yÑcaMS+oÀ´SR]ÀiQyKf2SR]À|^Rc+okij_kS~]
c+i yKzPoaOR]¸Á
 NÄ¥ g¥ÍAÌ &¥ÍËbÌ 2£EÁ2ijQygfgSdegoaijf2ijhyg´jS2ÂKygzPoaOR],]keg©]=RcqMyKh2_ai´j´eghPh>yKfgSD]{i>´SR],Qbe^|PSR] 4Ì 'q,eg© 3>£

Ì 'qD]kegh2_À]{R´jS~cÄ_kieghhPR]R¯
 NkÌ ('+¦aÌ j£ £2'Ä¥mÁ2gSRoa]kiegh|^Su´Ç¿ iQbygfgSÀegoaijf2ijh>yK´SdyKzokO~],´«y¶cegh\gS+oq]{ieghS+hhijgS~yK©^·|PSÀf2oki«]+¯
 Ê 






4¡P£+ $Å=£+Ä¥Í³Î gkÌ;)¥m£+ '=ÏbÁ\ijQygfgSR]|^SR]wf2oay2|^iS+h2_q]w]{©ijKyKh2_´SR]|^ioaSRcÄ_aije2h]wMPegoai
Regh2_qyK´SR]NS_dgS+ok_ki«c+yg´jS~]N]ki¼cS+_{_aS}QE+_kMPeP|^S}yE+_kcaMPe2i]kiS¸zAe2©PoD´«yb|^_aSRcÄ_aije2h³|^S~]Dc+egh2_aeg©Poq]R¯
 &¡\k£9'k¡P  )2£*)¶£2)%£ 'ÀÁ~c+egh2_aeg©Poq]¼]kS+©ij´´j~]Ã§¢z>yKo]kS+©Pi´´ygfgS,]kijQbzP´SÃeg©}zygo¼M\[^]`_a+oaR]ki]q¨AoaS+zPoaR]kS+h_k~]
zygo|^S~]}zAegih2_q]}­P´«yKh>c+]+¯ITwS+_{_aSiQyKf2SbSR]{_¶yÑcqMP+SzAe2©Po}´SR]}_koaegi«]Qb_aMPe^|^SR]¶|^S|^+_kS~cÄ_kiegh
|^S~]Dc+egh2_aeg©Poq]R¯





































 sdÑcqMPSRo&¡^k£ 'k¡P  )2£2)£2)%£ 'NzAeg©Po-eg­]kS+oagS+o´jSoaR]k©P´j_ay_-|PSw´«yu|^+_kS~cÄ_kieghE|^S~]Ic+egh_keg©oa]R¯GY\iP|^SR]
c+egh2_aeg©Poq]DiQEzAe2o{_qyKh_a]DhS¶]kegh2_Àzy2]À|^_aSRcÄ_aR]RÂ´S¶]kS+©Pi´4M>yK©^_u|Pegij_6_aokS­ygi]a]k§~&¡\k£9'k¡P  )K¥Í.
 ¥ ~¡@j£ G£%¢¨¯Òs´Ç¿ ijh\gS+oq]{S2Â>]ki4_aoke2zC|PSce2h2_aeg©Poq]À]{e2h2_uzPoaR]kS+h_a]RÂAy~gS~c}­ASRyg©ce2©PzC|^S­Poa©PiÅ_~ÂA´jS
]kS+©Pi´4|^egij_ 6+_koaS}yK©Pf2QbS+h2_ag¯
 sdÑcqMPSRoÄËÌ%£²ËbÌK¥Í ç¥Í&£ 'Ä¯Y\iÀ´S0hPe2Q¶­PoaS0|^S²|^oaegij_kSR]SR]{__aoke2z iQbzAegok_ayKh_²§¢oaSRce2©P\oaygh2_
zygo{l¢e2i]Ã´6¿ iQyKf2SucegQbzP´O_aS~¨Â´SÀz>yKoqyKQbO_aokS¸¤D jÌ  ;G¡Í¡^k£ 'k¡P  )¬|^e2iÅ_ 6+_koaSuyg©PfgQbS+h_kuzyKo
zy2]I|^SDP¯  |yKh]I©PhzPoaS+QbiS+o_aS+Qbz]R¯ PÀhhPe2Q¶­PoaS|^SN|^oaegij_kS~]S+h_koaSº2gdS+_ KgdS~]`_-SRh¶f2+hPRoayg´
c+egoaokS~cÄ_R¯
 sdÑcqMPSRo E£+=£q¦ £*) Ì>¥ '{¡^¥Í P¥Í> 'Ä¯\Y\i>|PSR]Ã|^oaegij_kSR],c+egh_koaij­P©>yKh2_w±}|^S~]ÚzAe2ijh_a]Ã|^SDl¢©Pij_kS hPi«]
hPS]kegh_z>yg]|^+_kS~cÄ_k~]NyK´e2oa]wª©¼¿ i´]NyKzz>e2o{_aS+oqyKiS+h2_©PhPSc+egh2_aoki­P©^_aije2hce2okoaSRc_kS2Â2´jS¸z>yKoqyKQbO_aokS
²Ì
2¥ÍËE^Ë )¥ 'Ä=ÌKA¦q£ 





,>¥Í=£ GÌK¥ 'k¡\¥Í. P¥Í>DÌK;j£|^e2iÅ_6_aokS­yKi«]a]{g¯>Y\iI|^SR]À|^oaegij_kSR]dc+egh2_aoki­P©ygh2_À±|^S~]DzAe2ijh_a]
|^Sl¢©Pij_kSih hPi«]DhPS]{e2h2_dzyg]Dc+´y2]k]k+S~]NyK´egoq]Nª©¼¿ SR´j´SR]D´S}|^SR\oaygijSRh2_RÂ^´S}zyKoqyKQbO_aokS ²Ì
2¥ÍËE^Ë
ÌK;j£ 
q{KËÌ¥Í ,>¥« £ GÌK¥ 'k¡\¥Í. ¥Í¸zAS+©^_ 6+_koaSEyK©fgQbS+h_kgÂ&QyKi«]¸]{SR©P´S+QbS+h_zyKo¸zAS_aij_
zy2]+¯
¼SQbS+h\© >a¤Õ|Ò¿çÊAk¤XËbÌ 1g£+Ecegh_kiS+h2_Àª©PSR´ª©PS~]Negz^_aije2h]D|^S}hyGif2yK_kieghS_À|Ò¿ yÑcaM>yKfgSbÁ
 +À£9'+£u¦aÌKËb£+kÌzASRokQbS_}|^SEoaS+zP´«ygc+S+ou´«yc+ygQERoay¬±]ay¬zAe2]kiÅ_aiegh¾|Ò¿ e2okifgihPS2¯&Y\iÚ´jSEQbe^|^SÊç¥ g
¦qÌË£kÌ ¢¡P£bÄ¥ g¥ÍAÌ Ú¦qÌË£kÌ¬S~]`_u]k+´SRc_kieghPhgÂ´y\©PS¶|^S´«yzPMPeK_aegfgoqyKzMPijS}egoaijf2ijhyg´jSS~]`_
oaS_aoke2©Pg+S2¯
 ¶¥ ' -jÌ 4'+¦q£&£ 
qkÌË£³yKÑcaMPSS+hµ]k©PokiQbzPoaSR]a]{iegh´y¾]kc+O+hPSS+h°Qbe^|^S´N|^S¬l¢SRoEzAeg©PoEc+egQ 
zPoaS+h|PokS}]ayE]{_koa©cÄ_a©PoaSg¯
  £ÄwË.'+£  Ì
2¥ '}cqMyghPfgS´jS]{SRh]D|^©³Qbeg©PgSRQbS+h2_dzAeg©PoD´6¿ y·^SgS+ok_ki«c+yK´¼|^S}´y]{e2©Poki«]R¯



















   >@A;J II "$ D?$
Ê}Aa¤%AÌR¥ Ì ¾SR]{_b´«y¾gS+oq]{ie2h®zAe2©Po  ijh|Pe
d]|^© hy~\if2yK_kS+©oEº2»¶¯wTwS´egf2ic+ijSR´©P_ki´ji«]{S³´«y
­Pi­P´ijeg_kMPO~ª©PS ç¥  aÌKÇ¥  zAeg©ofgRokSRo¸´SEl¢egoaQy_}|^S >caMijSRo ÍÌKÇ¥ &¯4r ´,y_a|^+gSR´je2zPzAESRh®TgT  ½S+h
©^_aij´i«]kygh2_}´jS~]sdn,r`] ijhº^¯&r ´Ú©^_aij´i]kS  £ °zAe2©Po¸´SEoaS+h|P©¹ºg» S+h¾Qbe^|^Sl¢SRhH6_aokbS_}S+h¾z´jSRijh
~coaygh¼¯
4y f2©PoaSEº2Qbegh2_aokSE´y¬l¢S+hH6+_koaSEzPokihc+ijzyg´jSb|^SÊ>a¤&Ì ~¥ 2ÌK=KÄ¯¼4SE|P+zP´«ygc+S+QbS+h2_±¬´«y]keg© 
oai]¶|yKh]´«yC]acO+hS¬ºg»Æl¢egh>cÄ_kieghhPS¬c+egQbQbS¬|PyKh>]EÊAk¤ ËbÌ 1g£+Ä¯n-eg©PoQyKhPizP©P´S+o´jS~]¶|^i 8ARokSRh2_aSR]
l¢e2hcÄ_kie2hPhyK´ij_kR]RÂPºEzAe2]a]kij­Pi´iÅ_aR]D]kegh2_de 8&S+ok_kSR]Á
 ´SQbS+h\©¼Â








 Ã¡P 'ÄwË )2£ÁPQbe^|^Sz>yKod|^lmyg©^_RÂ´yEhyG\ijfy_aije2h¬S~]`_d´ji­PoaS}|PyKh]N_ke2©^_kS~]N´SR]d|^ijoaSRc_kiegh]RÂ
 / ¾Ëb )2£¹Á´SR]¶Qbeg©gS+QbS+h_a]|^S¬´«y²]{e2©Poki«]zAS+oaQbS_{_aS+h2_b|Ò¿ e2­]{SRokgSRoRÂ¼S+_´Sc´«yGiS+o¶zASRokQbS_
|Ò¿ yGyKh>cS+o~Â
  Ì  1bËb )g£bÁ\´SR]wQbeg©PgSRQbS+h2_q]|^S¸´y]keg©Poai]ÃzASRokQbS+_{_kSRh2_NS+h>cegoaSu|Ò¿ eg­]kS+oagS+o~ÂgQygi]w´SR]wQbe2© 
gSRQESRh2_q]D]kegh_DzP´©]D´jSRh2_q]NS+_À]{e2h2_D­P´e^ª©P~]N±E´«yEMyg©^_kSR©Pod|^©0]keg´6¯
4yfg©PoaS¸ºgQbegh_koaSu´jS¸zyKhPhSRyK©|Ò¿ egz^_aije2h]|Ò¿çÊ>a¤ &Ì ~¥ 2ÌK=KÄ¯>Uuh¬[E_aoke2©PgS¸ºz>yKoqyKQbO_aokSR]ÀÁ
 /  '£a£2)¾ÁP\iÅ_aSR]a]{S}|^S|^+z´y2cS+QbSRh2_dS+hQbe^|PS[2Â^SRh©PhPij_aR]DzygoD]kSRc+egh|^S2Â
  Ì  1 ' P£a£2)¾ÁP\ij_kSR]a]kS|PS}|^RzP´«ygcSRQESRh2_dS+h³Qbe^|^S
yg´ &Â^SRh©PhPij_k~]DzyKod]kSRce2h|^S2Â
 Ò $'+¦+k£a£+ ~¥ )g£q¹Ëb )2£¹Áok~]{e2´j©^_aije2h¼Â4zPokegl¢egh|PS+©Po|^Sce2©P´jSR©Poq]+Â4S_¶_qyK©^·|^S¬oqyl¢oqy ¢cqMPi]a]{S
QbS+h_À|^©³Qbe^|^Sz´jSRijh³Rc+oaygh¹§mcqMyghPfgS}]kS+´egh´jS}Qy_a+oaijSR´ÇÂPyGgSRc|^+_kSRc_kiegh0yK©^_aegQy_aiª©PSG¨Ä¯4y
zAe]k]kij­ij´iÅ_azyKod|^+lmyK©^_Àc+egoaokS~]{zAegh|yKh2_DyK©^·okRfg´«yKfgS~]ce2©Poaygh2_q]N|^©³­P©PoaSRyK©4¯










	 A! "/     DH  H?   ID ?/





|^Sbc+egQbzPoaSR]a]{iegh²y~2SRc¶zAS+ok_kS~]¸ª©Pi-zASRokQbS_k_kSRh2_}´yfgSR]{_kiegh²Q¶©P´j_ki 6oaR]keg´©^_aije2h¼Â&ce2QbQES K¤   ¯
TwS+_{_kS}zAe]k]kij­ij´iÅ_aSR]{_dyg­Aegoq|^+S|Pygh] M º O6¯
 I
=<  #L FTD&I
s4gSRcu´Ç¿ yK´fge2okij_kMQESÀS+·^i]{_aygh2_~Â©PhPS¸©PhPij_acegoaoaSR]kzAegh|±¶´«y|^S+Qbi 6M>yK©^_aS+©PoN|PSu´6¿ ~coqyKh}É´jS¸Qbegh|^S
º2»okSRzPoaR]kS+h2_aDh¼¿ ©^_ki´ji«]kSÀ|^e2hcDzyg]Ã|Ò¿ ©PhPij_kÀQb_aoki«ª©PSg¯»ÀSÀzP´©]+Â|Ò¿ ©PhPSÀijQygfgSd±}´Ç¿ yK©P_koaSgÂg´jS~]Ã|^iQESRh 
]kije2h]eg­P_kS+h\©PSR]D]kegh_D|^i 8&+oaS+h2_aSR]RÂ^fgRhyKh_N´«yf2SR]{_kiegh|^SR]D]acORhPS¸Q¶©P´j_kizP´SR]§myg­Aegoq|^+S¸zP´©]N´egih>¨Ä¯>Y\i
©Phlmy2cÄ_aS+©PoÚih2_aS+ok\iS+h_RÂzASRokQbS+_{_aygh2_,|PSNokS~|^ijQbSRh]{ieghhPS+o-´«y¸]acO+hSgÂ©PhPSDMPegQbegf2+hPRi]ay_aije2hzASR©^_6+_koaS






























|Ò¿ yKhfg´SgÂg_keg©P_kSR]Ã´SR]wzPMPeK_ae2]ÃzAS+©PgSRh2_ 6_koaSÀzPoki«]kSR] d±}´«yQbygijh &¯\¼Su]kS+©´>zPoaeg­P´O+QbSÀª©Pi&]{SÀzAe2]kSdS~]`_
´«yhPegoaQyK´i]ay_aijegh0|PS¶´6¿ S~]{zy2cS2Â>|^SQyKhPiO+oaS¶±zAeg©Pge2ijouc+eghPhPS~cÄ_aS+ou´jS~]u]{e2©]=]acO+hSR]DSRh]{SRQ¶­P´S]ayKh]
zPoaeg­P´O+QbS~]N|^S|^iQbS+h]kije2h]R¯




















     I      I H?/!ED
¼SR]zAeg´[\f2hPSR]©^_aij´i«]{~]zyKoEÊu^ ËÌ6¥m¦"K^Ä>=CÍ¡£b¤¥m¦+Ç^k£¬oaS+zPoaR]kS+h_kS+h_´6¿ ygokoaijORokS6zP´«yKh
|^S¬´yC]acORhPS,É4´SR]e2­\p`S+_a]¶S+h®yGygh2_=zP´«yKh"hPS¬]kegh_¶zyg]­PiS+h®fg+oaR]RÂ¼i´]]{e2h2_|^+l¢egoaQE~]+¯-TwS+_¶©]ayKf2S
zAS+©P_ 6_koaSNyKzzP´ji«ª©PNyK©oaS+h|P©E|Ò¿ SRh\ioke2hPhPS+QbS+h_a]N§ ' 1   q
&¨Ä¯;PÀhPSN]acORhPSNºg»SR]{_-oaS+h|^©SN|^SQyKhijORokS
c+´y2]k]kiª©PS§mzAeg´[\f2hPSR]RÂg_kS+·_a©PoaSR]RÂA¯+¯+¯à¨ÃS_N´6¿ yKoaokiO+oaS	6zP´«yKh©^_aij´i«]{S¸©PhPS]acORhPS¸coa+RSÀzygoDÊAa¤ ËÌ 12£Ä¯









     DH  ED      
4y0Qb_aMPe^|^S¬e2okifgihyK´S|^©½I^EÄ>=²Í¡£¤¥m¦6^k£©^_aij´i]kS|^S~]  +¥SS	 aRÌK) 'z>e2©PoyKÑcaMPSRo|^SR]



































M  O¯ Àegoaok[2Âb¯ =rÄ¯,sÀhp`[geÂwyKh|b¯ÃsÀoaygiÇ¯ LNeg©Por h2_ae"_kMPSCn,i«cÄ_a©PokS®Á,©>]{ihPf®y"]kzPi«|^S+oa[°QbSR]kM
ih2_kSRo{lmy2cS_ae²QygSyKhijQy_aije2h"l¢oaegQ!y²]{ihPf2´jS¬iQbygfgS2¯Cr h¤kR¦q£a£2)¥Í. '0
¬¢¡P£  ¢¡ Ì>Ì 
¦aK 
£+k£&¦a£b ,KË &^=£+g{Ì P¡^¥m¦ 'EÌ )¥Í>=£+kÌg¦+6¥ G£¶ £a¦q¡^¥ +£ 'ÄÂPzygfgS~]Dg2  Kº2^Â  \¯
Mà(Ob¯IsdhKp`[ge¯
	LNe2©Po¶r h2_aeC_kMPSn,i«cÄ_a©PokS	yg]yChPegh =zPMPeg_kegoaSRyg´ji«]`_aicyKhPiQy_kiegh4¯0r h ,Ë A^ £
NkÌP¡^¥m¦9'qÂAgeg´©PQbS}ºgº  Â\zygfgSR]d  g^Â  P¯
M º OÐ¯¼i¸yKh|I¯ À©yKhPf>¯ LNe2©Por h_ke_aMPSCn,i«cÄ_a©PoaSCoaS+\i«]{ij_kS~|Ò¯8r h         , 
£+k£+A¦q£
¤kR¦q£a£2)¥Í. 'qÂ&gg  ¯
M  O¶Y\i©  uyKhPfTwM©¼¯AsÀhPiQy_kihPfcqMPihPSR]kSD´ygh|P]ac+yKzASNzygijh_kihPf2],yKh>|zyghPegoqyKQyg]R¯PtCy2]`_aS+o~¿ ]I_aMPSR]ki«]+Â
de2hPfÀeghf7PdhPigS+oq]{ij_`[eKlÚYPciS+hc+S}yKh>|L4S~caMhPeg´egf2[gÂ^sd©fg©]{_Àgg  ¯
Mà(O¶Y&¯Ãe\egh¼Â ¯  ¯TwMPS+h4Â^L¯ u]{©¼ÂPyKh|¬rÄ¯,e\e2h¼¯ ¹SR­ 6­y2]{S~|\ijok_a©yK´>_aeg©PoN©]kijhPf_kMPS}LNeg©PoNr h2_ke
_kMSnÃic_k©PoaS§mLNr nw¨_kS~caMhPiª©PS2¯
M  O¯NyK´j_ ~y\i«]wygh|¬n-¯ vÀ¯PLoqyKMyghPiy2]+¯LNMPS unÃ  ®QbS_kMe^|l¢egoNKyKhPi«]{MijhPfzAe2ijh_Dc+egQbzP©^_ayK_kiegh4¯
ÄËÌ%£EÌ ) 3¥ 'Ä¥m ,Ë A^6¥Í^^Ä&Ì çÂ  >§m2¨uÁ ºgº  2g^Â^sdzoki´Kg  ¯
M  O  ¶¯ÒTyKh_ke2hPiÇÂ>Ã¯>¼e2Q¶­yKoq|^i6Ât¯n-egok_ayÂyKh>|³Ð¶¯AY^icRyKoq|Ò¯  ,yghPi]kMPihPfzAe2ijh_u|^S+_kSRc_kieghÁ>okSRzPokS
]kS+h2_qy_aije2hyghyK´[^]{i«]NyKh|hPS
 ygzPzPoae2ygcqMPS~]+¯Ir h ¼kÊu¤    ÂzygfgSR] g  KÂPKg  ¯
M  OÐ¯ xdy2]kygQEiQyKhyghy yKh>| VE¯ ÀegoahPf2©^_R¯ v$8AS+_a] |^© ]{SR©Pi´j´«yKf2S




}¯ _q]kiÇ¯ S+h]{_R¯ l¢o ~_a]ki GS+h]kS+ifghPS+QbS+h_ GoaSR]k]{eg©Poac+SR] GQ_ai M[^]`_kSRokSR]ki]+¯




}¯ _q]{i6¯ S+h]{_R¯ l¢o G_a]ki S+h]kS+ijfghPSRQbS+h2_ GokS~]k]{eg©Poac+SR] GQ_ki  Àeg©PfgM¼¯
M   OY&¯4Tu¯Ò4S+S2ÂÒY&¯b¯&2©PhPf>Â&yKh>|²x}¯ÒÐÀS+Ky_ki«yP¯sd©^_aegQyK_ki«c¶ih2_aS+f2oayK_kieghCegl,lmygcRyg|^S¶_aS·\_k©PoaSR]¸ijh_ke
ºg»(­P©Pi´«|^ijhfbQbe^|^SR´] 
DiÅ_aM0yEzPokeKp`S~cÄ_kigSfgSRegQbS_aok[­>yg]kSR|´jihPSc´©]{_kS+oaihPf¯
M  O¶Tu¯KxDeg_kMPSRoR¯s hS
 yKzPzokeygcaMl¢e2o-KyKhPi«]kMPijhfuzAe2ijh_,|^S+_kSRc_kieghEihbyKoqcqMPiÅ_aSRc_k©PoqyK´\S+h\\ijoaeghPQbS+h_a]RÂ
K2gP¯
M   O¶Tu¯og©PS+o#©PoacqMyKoa|\_ygh|b¯ Úe2]a]+¯ÆxDeg­P©>]`_³yghPi«]{MPihPfµzAegih2_0|^S+_kS+oaQbijh>y_kiegh ih8hPe2i]k[
iQbygfgS~]+¯½r h  £Ä&Ì6¥m&Ì  , 
£+k£&¦a£° ¤DÌKÇ £Ä +À£a¦qg¥Í6¥m ÎÍ 4¤+     ÏÂDge2´j©PQbS  Â
zyKf2S  g%Â^Y^S+z^_aS+Q¶­AS+ouggg¯
M  º Ovd¯¼©P_{_ke2h¼Â ¯tCyKij_aokSgÂPyKh>|>¯P¼e2zAS 	oqyMSg¯ÚTwegh_koaij­P©P_kiegh¬_aeE_kMPS|^S_aS+oaQbijhyK_kiegheKlIyKhPi 
]kMPijhPf³zAe2ijh_a]©]kihPf deg©fgM²_aoaygh]{l¢egoaQ¯Er h   ^kÌ'Ì2¦6¥m'¬¹¤dÌ6=£+Ä¹ÊuAÌ  ('q¥ '¬Ì )
²Ìg¦q¡\¥Í&£Ä>=£%Sç¥ £+A¦q£Âgeg´©PQbS  6>ÂzygfgS~]2º2  gºgPÂ\sÀzPoaij´  K>¯
M  ;Ovd¯IV¸©Pi´j´eg©4Â4»¶¯t0SRhPS+gS~yK©^·ÒÂÒvÀ¯4t²yKi«]{SR´ÇÂ4yKh|b¯e2©y_aeg©cqM¼¯ Pu]{ihPf0yghPi]kMPihPf³zAegih2_a]l¢e2o
c+ygQESRoay³c+yg´ji­Poqy_kiegh"yKh|"ce2ygoa]kSbºg» oaSRc+egh]{_koa©cÄ_aiegh²l¢oaegQ y³]kihPfg´SbiQyKfgS2¯r h&¡P£ 3¥ 'ÄÌ 
,Ë A^ £ÄÂgeg´©PQbS   \Â\zygfgS~]Nº2    PÂ^gg2P¯
M   OY&¯¼Tu¯&¼SRSgÂ&YÒ¯b¯Ag©hPfÂAygh|Cx}¯&ÐÀS+yK_ki«yP¯Àr h2_aS+fgoqy_aijhffgoaeg©Ph|0ygh|CyKSRoki«yK´iS
d]dl¢e2ou©Poa­yKh
]kiÅ_aSQbe^|^SR´jihPf¯°r h   Í¡ £Ä&Ì6¥m&Ì  , 




M   O}x}¯gTwijzAe2´j´«yPÂGL¯»Àoa©PQbQbegh|ÒÂygh|¶»¶¯xDe2­AS+ok_a]kegh¼¯^TygQbS+oayÀc+yg´ji­Poqy_aije2hl¢oaegQXKyKhPi«]{MijhPfÀzAe2ijh_a]
ihiQyKfgS~]eKlÚyKoqcaMPij_kS~cÄ_a©Poayg´Ò]kc+S+hPS~]+¯-r h4   3   gÂ  P¯
M  (O},¯ V¸©Pi´j­yg©| ygh| n-¯ 4y2ceg©Po~¯ »ÀRzP´«ygcSRQbS+h2_ |^SR] cegh_ke2©Poa] zyKo










Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France) 	
   
ISSN 0249-6399
